Introduction {#s0005}
============

Intimate partner violence (IPV) is a critical public health issue that impacts women and children across the globe. An estimated 30--38% of women worldwide have experienced either physical or sexual violence from their intimate partners during their lifetime ([@bib56]), and women in low and middle income countries are particularly vulnerable, including in Tanzania. According to the 2010 Tanzania Demographic and Health Survey (TDHS), among women ages 15 to 49 who had ever been married, 39% report experiences of emotional violence, 36% reported experiences of physical violence, and 17% reported experiences of sexual violence by their current or most recent sexual partner or husband ([@bib32]). IPV is a significant cause of mortality and morbidity among women ([@bib57]), and IPV also affects the children who witness this violence ([@bib54]). Research has linked experiences of IPV with diseases related to the cardiovascular ([@bib3]), reproductive ([@bib3]), immune and endocrine systems ([@bib55]), and to mental health ([@bib25]) among adults, and to a variety of adverse psychological and physical health consequences in children ([@bib36], [@bib37], [@bib54], [@bib60]). To date, research on the underlying physiological pathways linking IPV to adverse psychological and physical health outcomes in children has been limited. Elevated inflammation, a marker of increased activation of innate immune function and the stress-response system, is implicated in the etiology of multiple physical and mental health disorders ([@bib2], [@bib8]) and may be a common mechanism linking maternal IPV to the wide range of negative outcomes associated with maternal victimization. The aim of this study is to examine the relationship between maternal experiences of IPV in the past 12 months and inflammation among children ages 6 months to 5 years, using data from 2010 TDHS.

Maternal IPV and child wellbeing {#s0010}
================================

Maternal experience of IPV is a well-established risk factor for psychological problems in children ([@bib11]; [@bib36], [@bib37]). Although there is increasing interest in the physiological consequences of childhood adversity ([@bib47], [@bib48]), only a small number of studies of children, all in Western contexts, have documented associations between family conflict and dysregulation of the stress response system ([@bib60]). In prior studies, children exposed to martial conflict or domestic violence displayed lower sympathetic nervous system activity ([@bib10]) and vagal tone ([@bib18], [@bib41]), and elevated heart rate ([@bib44]), parasympathetic nervous system activity ([@bib10]), urinary dopamine ([@bib18]), and salivary cortisol activity ([@bib9]; [@bib10]; [@bib44]) compared to non-exposed children. Prior studies in lower and middle-income countries have documented associations between IPV and poorer child health outcomes, including mortality ([@bib1], [@bib38]), malnutrition ([@bib61]), and incomplete immunizations ([@bib43])); however, to our knowledge, no population-based studies---in the U.S. or elsewhere---have examined maternal IPV in relation to inflammation in young children.

IPV and immune dysregulation {#s0015}
============================

Basic research within psychoneuroimmunology has clarified the biological cascade that follows exposure to traumatic stressors ([@bib6]; [@bib30]). Children who experience or witness violence may experience upregulation of the HPA-axis, which can induce a cascade of elevated levels of cortisol, followed by decreased responsiveness of immune cells to glucocorticoid signaling which typically functions to down-regulate inflammatory processes, ultimately resulting in an increase in circulating markers of inflammation ([@bib29]; [@bib30]). Prior research has documented higher mean interferon (IFN)-γ levels ([@bib55]) and impaired immune control over herpes simplex virus type 1 ([@bib16]) among women who reported abuse compared to non-abused women. Other research shows that women with histories of IPV have persistently elevated biomarkers of inflammation, even after leaving abusive relationships ([@bib33]). Insights into biological dysregulation in children following exposure to maternal IPV may elucidate opportunities for intervention, children in the greatest need of intervention, and/or evaluation of whether treatment programs for exposed children are working ([@bib17], [@bib46]).

The present study {#s0020}
=================

Drawing on data from the 2010 TDHS, we examined the association between maternal reports of IPV in the past 12 months and a common measure of inflammation---C-reactive protein (CRP), a widely used biomarker of inflammation that is prospectively associated with future cardiovascular and metabolic diseases in industrialized populations ([@bib7]; [@bib39], [@bib40]). Studies in industrialized populations show that CRP concentration tracks from childhood to adulthood ([@bib24]), and accelerates atherosclerosis progression, even in children ([@bib23]). We hypothesize that the children of mothers who experienced IPV in the past 12 months will have higher levels of CRP relative to children of mothers who do not report recent IPV. By describing the associations between maternal IPV and inflammation in young children in Tanzania, we may advance knowledge about the pathways by which witnessing violence may influence risk for mental and physical disorders in children, and the contexts in which this may occur.

Methods {#s0025}
=======

Sample and procedures {#s0030}
---------------------

We used data from the 2010 TDHS, a nationally representative cross-sectional probability sample of 10,300 households focused on maternal and child health issues. The sample was selected in two-stages. First, 475 clusters were selected from the 2002 Population and Housing Census. Second, households from the selected clusters were then systematically selected to participate (N = 10,300 households in total; 22 per cluster in all regions except for Dar es Salaam where 16 households were selected). Women aged 15 to 49 who were permanent residents in the selected household or visitors in the household on the night before the survey were eligible to participate (recruited N = 10,522; 96.4% response rate). Health information was collected on children less than 5 years of age in the household (N = 7175). Full details of the study design and procedure can be found elsewhere ([@bib22], [@bib32]). If there was privacy to ensure confidential responses, one eligible woman per household was randomly selected to complete the Domestic Violence Module (N = 7048 women, 5289 of whom were ever-married).

In the 2010 TDHS, investigators collected blood samples in order to characterize micronutrients among women and children. Level of CRP was measured for a random subsample of women and children in order to control for the potential influence of infection on levels of vitamin A. The current study is based on the 503 children of ever-married women who completed the Domestic Violence Module and also had CRP data. Blood spots were collected via finger or heel prick; skin was prepared with a 70% isopropyl alcohol swab, which air-dried and was then pricked using a disposable self-retracting lancet ([@bib19], [@bib22]). The first three drops were discarded or used for Hb testing, and the subsequent five drops were placed onto Watman 903 filter paper and then air-dried overnight. The filter paper was then stored in low-permeability zip-close bags with desiccant and humidity indicator and sent to the National Public Health Laboratory to be assayed. As described elsewhere ([@bib19]), characteristics of children in the CRP subsample are similar to those of the whole sample.

Measures {#s0035}
--------

### C-reactive protein {#s0040}

CRP---an acute phase response protein---was used as a biomarker of inflammation. CRP was measured from dried blood spots (DBS) following a standardized procedure. Specifically, one 3.2 mm disc was punched from each of the DBS; the disc was placed into a micro-centrifuge tube, and then 500 μL of CRP diluted Assay Buffer Concentrate was added (Bender MedSystems GmbH, Vienna, Austria). The tubes were vortexed and centrifuged before incubating overnight at 4 °C (see details provided elsewhere ([@bib22])). The next day, a high sensitivity commercial ELISA test kit was used to measure optical densities of CRP levels in duplicate. If coefficients of variation (CVs) between the optical densities of the duplicates exceeded 10% the samples were reanalyzed. Research on 3--5 year old children in Tanzania identified that CRP values of \> 1.1 mg/L indicate acute infection status (i.e., association with overt symptoms of acute infection) for young children in this region ([@bib52]), and prior research using the 2010 Tanzanian DHS survey ([@bib19]) has used this threshold as a rough proxy to identify children with immune activation (i.e., active or recent infection). Accordingly, for children with CRP values below the 1.1 mg/L threshold, CRP is providing a measure of chronic, baseline inflammation; for children with CRP values above 1.1 mg/L, CRP is providing a measure of acute inflammatory immune response. Given the skewness of CRP levels, we used log-transformed CRP in our regression models, similar to prior studies of CRP in children ([@bib5]; [@bib50]).

### Past year maternal IPV {#s0045}

Our primary exposure, maternal IPV in the past year, was a binary variable based on a woman's report of having experienced any form of emotional, physical, or sexual violence perpetrated by her husband or partner in the last 12 months. The items to assess physical or sexual violence asked: *(Does/did) your (last) husband/partner ever do any of the following things to you? a) Push you, shake you, or throw something at you? b) Slap you? c) Twist your arm of pull your hair? d) Punch you with his fist or with something that could hurt you? e) Kick you, drag you or beat you up? f) Try to choke you or burn you on purpose? g) Threaten or attack you with a knife, gun, or any other weapon? h) Physically force you to have sexual intercourse with him even when you did not want to?* and *i) Force you to perform any sexual acts you did not want to?* The items to assess emotion violence asked: *(Does/did) your (last) husband/partner ever: a) Say or do something to humiliate you in front of others? b) Threaten to hurt or harm you or someone close to you?* and *c) Insult you or make you feel bad about yourself?* If the woman replied "yes" to any of these items, she was asked to report the frequency in the past 12 months: *often, only sometimes, or not at all*. We constructed binary outcomes for each type of violence by combining reports of "often" and "sometimes", and a binary outcome for any violence by combining across types of violence.

### Covariates {#s0050}

Informed by prior literature ([@bib19], [@bib35], [@bib53]), we included a number of child, maternal, and household characteristics as covariates and potential confounders. Child characteristics included age, sex**,** and maternal reports of whether the child is currently breastfeeding and recent illnesses in the past two weeks. Child body mass index was computed based on height and weight, as measured by trained interviewers. Height was assessed using a measuring board by Shorr Productions. Children younger than 24 months were measured while lying down, and children older than 2 years were measured while standing. Weight was measured using SECA scales. Children's weight for height was converted to a z-score based on World Health Organization (WHO) growth standards ([@bib12]). Maternal and household characteristics were collected in the Mother and Household Questionnaires, including highest maternal education (4-category variable: no education, primary incomplete, primary complete, and secondary or more), household size (number of residents, operationalized as a 4-category variable), location (urban vs. rural), family wealth (5-category variable; a standard variable calculated for most DHS surveys using principal component analysis, based on information about household assets and consumer goods collected in the survey) ([@bib42]), maternal marital status (current vs. divorced/separated/widowed), and maternal illiteracy (i.e., unable to read various sentences in Swahili).

Analyses {#s0055}
--------

First, we calculated means and proportions for all variables for the full sample of children. Second, we calculated these statistics stratified by: 1) whether the child's mother reported exposure to IPV in the past year; and 2) the child's immune activation status, i.e., whether or not the child's CRP value was above 1.1 mg/L, the threshold identified in prior research on 3--5 year old children in Tanzania to indicate active/recent infection ([@bib52]). Third, we reported the median and inter-quartile ranges of CRP for children exposed and unexposed to any type of maternal IPV, and then repeated this analysis stratified by acute infection status. Finally, we computed a series of linear regression models stratified based on acute infection status, using model building to observe changes as potential confounders were added to the model. In Model 1, we adjusted for child age and sex. In Model 2, we additionally adjusted for child BMI z-score and breastfeeding status. In Model 3, we additionally adjusted for maternal and household characteristics (as described in the Measures section and presented in Table 3). In sensitivity analyses, we replicated our descriptive analyses and linear regression models for each type of maternal IPV separately (i.e., physical, sexual, and emotional). A two-sided test for statistical significance was used, and analyses were conducted in R statistical software using commands to account for the complex survey design, including clustering of observations within households and primary sampling units.

Results {#s0060}
=======

Descriptive statistics {#s0065}
----------------------

In the total sample of 503 children, 39.6% had mothers who reported any IPV in the past 12 months; physical (32.4%) and emotional (31.2%) violence were more common than sexual violence (11.9%). The average child age was 32 months, and just over half (51.7%) of the children were female (see [Table 1](#t0005){ref-type="table"}). The highest educational attainment for the majority of mothers is primary school (63.6%), one-third of mothers were unable to read in Swahili, and 22% of children resided in an urban location. Compared to children whose mothers did not experience IPV in the past 12 months, children of mothers who reported IPV had lower BMI z-scores (1.67 vs. 3.66) and were more likely to have had a common childhood illnesses in the past 2 weeks (i.e., diarrhea, cough, fever). Just over half of children in the sample (52%, n = 262) had a CRP value below 1.1 mg/L, meaning that 48 percent of children's CRP indicated active or recent infection. Considering child and household characteristics by child immune activation status, relative to the healthy group, children with active/recent infection were younger, more likely to have maternal reports of common illnesses in the past 2 weeks (46.9% vs. 38.9%, respectively) and a mother with no formal education (32.4% vs. 18.3%, respectively), and were less likely to live in urban area (19.5% vs. 24.4%).Table 1Demographics characteristics of sample and by maternal exposure to IPV in past 12 months and elevated CRP status, Tanzania Demographic and Health Survey, 2010.Table 1Full sampleAny maternal IPV, past 12 mCRP value \> 1.1 mg/lYesNoNo ("healthy")Yes ("active/recent infection")(n = 503)(n = 199)(n = 304)(n = 262)(n = 241)**Child Characteristics**Age, in months, mean (SE)32.74 (0.68)33.32 (1.03)32.37 (0.88)34.60 (0.92)30.73 (1.04)BMI z-score, mean (SE)2.87 (0.72)1.67 (0.87)3.66 (1.07)3.08 (1.07)2.65 (0.99)Sex, % female51.6954.2750.0056.1146.89Any illness in past 2 weeks, %42.7446.7340.1338.9346.89 Diarrhea past 2 weeks, %20.4824.1218.0916.4124.90 Cough, past 2 weeks, %26.4430.1524.0123.6629.46 Fever, past 2 weeks, %27.6330.6525.6624.8130.71Currently breastfeeding, %53.8852.7654.6149.6258.51C-reactive protein, mg/l, Median (IQR)1.01 (2.94)0.84 (3.31)1.17 (2.74)0.35 (0.48)3.55 (3.76)            **Maternal and Household Characteristics**Maternal Education, % No education25.0522.1126.9718.3232.37 Primary63.6272.8657.5767.5659.34 Secondary or higher11.335.0315.4614.128.30Maternal illiteracy[a](#tbl1fna){ref-type="table-fn"}, %33.0031.1634.2125.9540.66            Wealth Quintile, % Poorest25.4424.6225.9926.7224.07 Poorer17.6918.0917.4316.4119.09 Middle20.0825.1316.7817.9422.41 Richer20.6820.6020.7221.3719.92 Richest16.1011.5619.0817.5614.52Currently married/cohabiting, %89.0785.9391.1188.1790.04Urban residential location, %22.0720.6023.0324.4319.50            \# of usual household members, % \[Q1\]28.2327.1428.9526.7229.88 \[Q2\]35.3925.1334.5436.2621.58 \[Q3\]11.5322.6111.8413.3634.85 \[Q3\]24.8525.1324.6723.6613.69[^1]

Any maternal IPV in the past 12 months and child CRP {#s0070}
----------------------------------------------------

In the full sample, we do not observe differences in children's median CRP values by any maternal IPV in the past 12 months. The median CRP value for children of mothers exposed to any IPV in the past 12 months was 0.84 mg/L (interquartile range (IQR) = 2.74), compared to 1.17 mg/L (IQR = 3.31) for children of mothers not exposed (*p* = 0.87). In the healthy subset of the sample, there is trend towards a difference in median CRP values by any maternal IPV in the past 12 months (see [Fig. 1](#f0005){ref-type="fig"}A), with a higher value for children of mothers reporting IPV in the past 12 months (median = 0.41 mg/L) relative to children whose mothers did not (median = 0.35 mg/L); *p*-value = 0.13. Considering median CRP values in the subset of children with immune activation, children of mothers who reported any IPV in the past 12 months had a higher median CRP relative to children whose mothers who did not experience IPV in the past 12 months (4.1 vs. 3.1 mg/L; see [Fig. 1](#f0005){ref-type="fig"}B; *p* = 0.03).Fig. 1Median C-reactive protein values (and interquartile ranges) by exposure to maternal IPV in the past 12 months for (A) healthy children (defined as CRP \< 1.1 mg/L; n = 262) and (B) children with active/recent infection (defined as CRP\> 1.1 mg/L; n = 241). *P*-values, obtained from Mann-Whitney *U* Test, are 0.125 and 0.03 for healthy children, and children with an active/recent infection respectively. Any maternal IPV in past 12 months reflects positive endorsement of physical, sexual, or emotional abuse. CRP=C-reactive protein; IPV=intimate partner violence.Fig. 1

Using linear regression models, we examined the association between maternal IPV in the past 12 months and (log) child CRP (see [Table 2](#t0010){ref-type="table"}). In the healthy group, maternal report of any IPV was associated with higher offspring (log) CRP in a model adjusted for child age and sex (Model 1a: β = 0.26, 95% confidence interval (CI) = 0.02, 0.49). The association between maternal IPV and child (log) CRP was similar after child BMI z-score and breast feeding were added to the model (Model 2a: β=0.27, 95% CI=0.03, 0.50), and weakened only slightly when other maternal and household characteristics were added to the model (Model 3a: β=0.24, 95% CI=-0.02, 0.50). Among children with active/recent infection, a similar pattern was detected, whereby maternal IPV in the past 12 months was associated with offspring (log) CRP across all three models (Model 1b: β=0.18, 95% CI=0.02, 0.35; Model 2b: β=0.17, 95% CI=0.01, 0.34; Model 3b: β=0.21, 95% CI=0.04, 0.37; all *p*-values \< 0.05). There were some inconsistent associations between other covariates and CRP; for example, females had higher (log) CRP in the healthy group, but not in the group with active/recent infection, marital/cohabitation status was associated with lower (log) CRP in the group with active/recent infection, but not in the healthy children.Table 2Adjusted regression models of associations between maternal exposure to any IPV in past 12 months and child's (log) CRP: Tanzania Demographic and Health Survey, 2010.Table 2Healthy children (n = 262)Children with active/recent infection (CRP \> 1.1 mg/l) (n = 241)Model 1aModel 2aModel 3aModel 1bModel 2bModel 3bβ (95% CI)β (95% CI)β (95% CI)β (95% CI)β (95% CI)β (95% CI)**Any maternal IPV**0.26 (0.021, 0.49)[\*](#tbl2fnStar){ref-type="table-fn"}0.27 (0.03, 0.50)[\*](#tbl2fnStar){ref-type="table-fn"}0.24 (-0.02, 0.50)[\~](#tbl2fnSym1){ref-type="table-fn"}0.18 (0.02, 0.35)[\*](#tbl2fnStar){ref-type="table-fn"}0.17 (0.01, 0.34)[\*](#tbl2fnStar){ref-type="table-fn"}0.21 (0.04, 0.37)[\*](#tbl2fnStar){ref-type="table-fn"}              **Child Characteristics**Age (months)-0.01 (-0.01, 0.00)-0.01(-0.01, 0.00)-0.01(-0.02, 0.00)-0.001 (-0.01, 0.00)-0.001 (-0.01, 0.00)-0.001 (-0.01, 0.00)Sex (female)0.21 (-0.02, 0.44)[\~](#tbl2fnSym1){ref-type="table-fn"}0.21 (-0.03, 0.45)[\~](#tbl2fnSym1){ref-type="table-fn"}0.25 (0.02, 0.49)[\*](#tbl2fnStar){ref-type="table-fn"}0.05 (-0.20, 0.11)-0.04 (-0.20, 0.11)-0.04 (-0.20, 0.12)BMI z-score0.002 (-0.01, 0.01)0.003 (-0.01, 0.01)0.003 (-0.002, 0.01)0.004 (-0.00, 0.01)Currently breastfeeding (vs. not)-0.03 (-0.28, 0.21)-0.05 (-0.31, 0.21)-0.05 (0.22, 0.11)-0.07 (-.24, 0.10)              **Maternal and Household Characteristics**              Maternal Education No education---- Primary-0.45 (-1.04, 0.14)-0.04 (-0.33, 0.25) Secondary or higher-0.76 (-1.45, -0.07)[\*](#tbl2fnStar){ref-type="table-fn"}0.03 (-0.39, 0.44)Maternal illiteracy (vs. literate)-0.11 (-0.67, 0.45)-0.14 (-0.38, 0.11)Wealth Quintile---- Poorest0.27 (-0.15, 0.69)-0.19 (-0.46, 0.08) Poorer0.17 (-0.26, 0.61)-0.22 (-0.46, 0.03)[\~](#tbl2fnSym1){ref-type="table-fn"} Middle0.23 (-0.25, 0.71)-0.02 (-0.27, 0.22) Richer0.56 (-0.10, 1.22)-0.11 (-0.47, 0.26)               RichestCurrently married/cohabiting-0.06 (-0.43, 0.32)-0.27 (-0.51, -0.04)[\*](#tbl2fnStar){ref-type="table-fn"}Urban residence (vs. rural)0.32 (-0.18, 0.81)-0.02 (-0.25, 0.22)              \# of usual household members \[Q1\]---- \[Q2\]0.20 (-0.14, 0.53)0.24 (0.04, 0.43)[\*](#tbl2fnStar){ref-type="table-fn"} \[Q3\]-0.05 (-0.50, 0.41)0.08 (-0.20, 0.37) \[Q3\]0.20 (-0.14, 0.54)0.13 (-0.10, 0.35)[^2][^3][^4][^5][^6]

Sensitivity analysis: Subtypes of maternal IPV and child CRP {#s0075}
------------------------------------------------------------

In the sample overall, maternal experiences of physical (32.4%) and emotional (31.2%) violence were more common than sexual violence (11.9%), and each type of violence was slightly more common among the healthy sample relative to children with immune activation ([See Appendix A](#s0110){ref-type="sec"}). In the full sample, similar to the comparisons for any type of IPV, we do not observe differences in children's median CRP values based on the separate types of IPV. When each type of IPV is considered individually within the healthy group, we do not see evidence for differences in children's median CRP values for any type of IPV. Among children with active or recent infection, the median CRP is higher among children whose mothers reported physical (*p*=0.05), sexual (*p*=0.02), and emotional violence (*p*=0.06) in the past 12 months, relative to children whose mothers did not report these experiences. In linear regression models of healthy children ([See Appendix B](#s0115){ref-type="sec"}), only maternal physical IPV in the past 12 months was associated with children's (log) CRP (Model 3: β=0.24, 95% CI=0.01, 0.49). Among children with active or recent infection, children whose mothers reported each type of IPV had elevated (log) CRP relative to children whose mothers who were unexposed (i.e., betas for fully adjusted models: physical IPV, β=0.22, 95% CI=0.05, 0.40; sexual IPV, β=0.37, 95% CI=0.13, 0.60; and emotional IPV, β=0.19, 95% CI=0.02, 0.36).

Discussion {#s0080}
==========

In this sample of children ages 6 months to 5 years in Tanzania, our findings support the hypothesis that a mother's IPV experience in the past 12 months is positively associated with her child's CRP level, controlling for child and household characteristics. Importantly, this association was evident among children with CRP values in the "healthy" range (i.e., \< 1.1 mg/L), and also among children showing immune activation due to active or recent infection (i.e., CRP \> 1.1 mg/L). Among the healthy subset of children, the association was slightly attenuated after adjustment for relevant covariates, whereas the association among children with active/recent infection became larger once we added child health and maternal and household characteristics to the model. These findings make a unique contribution to our underdeveloped understanding of the biological embedding of childhood adversity in non-Western contexts ([@bib26], [@bib58], [@bib59]), and suggest that a threat-based exposure like IPV may influence inflammatory processes in young children within an ecologic setting that is very different from the material, nutritional, social, and pathogenic context where most prior research on childhood stress and development has occurred. This study has identified yet another intergenerational consequence of violence against women, and may be relevant to practitioners interested in designing health promotion and prevention strategies based on high-prevalence risk factors. Our study also highlights the value of biomarkers to assess the intergenerational burden of IPV, as biomarkers can avoid recall or reporting biases that are common for parental report of child symptoms, yet can detect subclinical immune system activity that could be relevant to child development and health ([@bib28], [@bib58]).

While it is common to exclude individuals with CRP above a specified certain threshold from research on CRP as a chronic disease risk biomarker (typically, \> 10 mg/L in adults), evidence from young adults in the U.S. found that common indicators of disease risk were associated with very high CRP (i.e. \> 10 mg/L) ([@bib45]). Rather than exclude all children showing immune activation from our study, we examined the association of interest in children with and without active or recent infection. From a physiological perspective, these results suggest that the decreased ability of children exposed to maternal IPV to down-regulate inflammation may impact both chronic CRP production (those with CRP \< 1.1 mg/L) and the acute inflammatory response to infection (those with CRP \> 1.1 mg/L). Although chronic CRP levels are most commonly studied in population-based health research, the magnitude of CRP elevation in response to infection may also be informative for understanding dysregulation of inflammation. There is a need for additional research to determine whether this patterning among children with acute or recent infection can be replicated and generalized to other samples.

Our findings align with studies using European samples that have documented that childhood adversity is associated with elevated CRP levels in late childhood ([@bib5]; [@bib20]; [@bib50]) and adolescence ([@bib15], [@bib31]), and advance knowledge about the biological embedding of childhood adversity in three important ways. First, most previous research on the association between childhood adversity and inflammation in children or adolescents has taken place in Western contexts, with some notable exceptions ([@bib13], [@bib27]), including a study of 88 mother-infant dyads in Mwanza, Tanzania which found that high maternal depressive symptoms and severe food insecurity were each associated with "high" CRP (i.e., above the sample median) ([@bib13]). Our study finds that maternal IPV---a form of childhood psychosocial adversity---is evident among children in Tanzania, thus providing additional evidence that this process of biological embedding may generalize to non-Western contexts. Second, the majority of existing studies on the association between childhood adversity and chronic low-grade inflammation have included older childhood or adolescents ([@bib49]), and studies that have included children under the age of 5 years are rare ([@bib13], [@bib14], [@bib19], [@bib27]). Our study sample, comprised of children 6 months to 5 years, provides insights on the outstanding question of when the effect of childhood adversity on inflammation may emerge ([@bib5]). This question of timing of emergence is critically important, as it has implications for understanding, and intervening on, the early life origins of disease risk across the life course ([@bib47]). Third, to our knowledge, this is the first study to report on maternal IPV (as a form of childhood adversity) in relation to inflammation or other biomarkers of immune activation, in either a Western or non-Western context. In future research, it will be important to examine whether maternal IPV is an independent risk factor for elevated inflammation in children due to the psychological trauma of witnessing a mother being abused, or if child maltreatment or maternal depression may be implicated in this association. The 2010 TDHS did not include maternal report of child maltreatment or depression; therefore, we cannot explore any potential indirect or synergistic effects in this study.

There are several other limitations to the present study that are important to acknowledge. First, this is an observational cross-sectional study; therefore, information on maternal IPV in the past 12 months and child CRP were collected at the same time and we cannot infer direct causal relationships. Of note, consistent with this study, experimental research in adults has documented elevations in circulating inflammatory biomarkers in response to acute psychological stress ([@bib51]). Prospective studies are needed to document associations over time and across development. Second, nearly half of the children had CRP levels that indicated active or recent infection, which was expected ([@bib19]); because it was important to conduct our analyses stratified by immune activation status, this resulted in relatively small sample sizes of healthy children and children with active/recent infection. Related, the threshold to identify healthy versus unhealthy children is only a rough proxy, and there are likely false positives and false negatives. Third, mothers were not administered the Domestic Violence Module if it was not possible to ensure privacy during the interview, which reduces the generalizability of our sample. Fourth, individual, household, or community factors could influence the accuracy of reported IPV; although we adjusted for a range of covariates, it is possible that we omitted other relevant factors that could influence reporting. Fifth, we do not have information severity of infection, which could be explain some of the variation in CRP levels among those categorized as having an active or recent infection. Finally, only one biomarker of inflammation, CRP, was available; in the future, it would be ideal to address this question using multiple biomarkers of inflammation, including upstream pro-inflammatory cytokines.

In summary, this study identified an association between maternal IPV in the past 12 months and CRP levels in a population-based sample of young children in Tanzania, in both healthy children, and in children with an active or recent infection. Building on prior studies of maternal IPV and other forms of physiological dysregulation in children and adolescents, this finding is important given that violence against women is a pervasive public health crisis around the world ([@bib56]), and that inflammation is implicated in the development and worsening of multiple health conditions ([@bib4]; [@bib21]; [@bib23]; [@bib34]). Although prospective research is needed, our results provide support for the hypothesis that inflammation may function as a biological pathway linking maternal IPV (or childhood adversity more broadly) to the poor psychological and physical health outcomes observed for the children of women who are victimized---and this may extend to very young children and children in non-Western contexts.

Appendix A {#s0110}
==========

See [Table A1](#t0015){ref-type="table"}.Table A1Percentage of children with mothers who reported physical, sexual, and emotional violence in the past 12 months, and median CRP (and interquartile ranges) stratified by probable infection status; Tanzania Demographic and Health Survey, 2010.Table A1Healthy Sample (CRP \< 1.1 mg/l)Active/recent infection (CRP \> 1.1 mg/l)(n = 262)(n = 241)%Median (IQR)*p*-value%Median (IQR)*p*-valuePhysical abuse0.150.05 Yes34.350.36 (0.41)30.294.05 (4.06) No65.650.35 (0.45)69.713.12 (3.55)Sexual abuse0.290.02 Yes13.360.30 (0.41)10.374.89 (3.95) No86.640.38 (0.48)89.633.26 (3.56)Emotional abuse0.480.06 Yes33.590.34 (0.42)28.634.05 (4.16) No66.410.35 (0.48)71.373.17 (3.48)[^7]

Appendix B {#s0115}
==========

See [Table B1](#t0020){ref-type="table"}.Table B1Adjusted regression models of associations between maternal exposure to physical, sexual, or emotional IPV in past 12 months and child's (log) CRP: Tanzania Demographic and Health Survey, 2010.Table B1Healthy children (n=262)Children with active/recent infection (CRP \> 1.1 mg/l) (n=241)Model 1aModel 2aModel 3aModel 1bModel 2bModel 3bβ (95% CI)β (95% CI)β (95% CI)β (95% CI)β (95% CI)β (95% CI)**Physical violence**Yes0.25 (0.02, 0.49)[\*](#tbl4fnStar){ref-type="table-fn"}0.26 (0.03, 0.50)[\*](#tbl4fnStar){ref-type="table-fn"}0.24 (-0.01, 0.49)[\~](#tbl4fnSym1){ref-type="table-fn"}0.17 (-0.003, 0.35)[\~](#tbl4fnSym1){ref-type="table-fn"}0.17 (-0.01, 0.35)[\~](#tbl4fnSym1){ref-type="table-fn"}0.22 (0.05, 0.40)[\*](#tbl4fnStar){ref-type="table-fn"}No------------              **Sexual violence**Yes-0.15 (-0.49, 0.18)-0.15 (-0.49, 0.18)-0.21 (-0.53, 0.09)0.32 (0.05, 0.58)[\*](#tbl4fnStar){ref-type="table-fn"}0.30 (0.04, 0.57)[\*](#tbl4fnStar){ref-type="table-fn"}0.37 (0.13, 0.60)[\*\*](#tbl4fnStarStar){ref-type="table-fn"}No------------              **Emotional violence**Yes0.15 (-0.08, 0.39)0.16 (-0.07, 0.40)0.13 (-0.13, 0.40)0.17 (-0.01, 0.34)[\~](#tbl4fnSym1){ref-type="table-fn"}0.16 (-0.01, 0.33)[\~](#tbl4fnSym1){ref-type="table-fn"}0.19 (0.02, 0.36)[\*](#tbl4fnStar){ref-type="table-fn"}No------------[^8][^9][^10][^11][^12][^13]
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[^1]: Unable to read various sentences in Swahili. IPV = intimate partner violence; CRP = C-reactive protein; BMI = body mass index.

[^2]: *Notes:* CRP=C-reactive protein; IPV=intimate partner violence; BMI=body mass index; CI=confidence interval.

[^3]: \*\*\*p\< 0.0001.

[^4]: \*\*p\< 0.01.

[^5]: p\< 0.05.

[^6]: p\< 0.10.

[^7]: *Notes:* All abuses happened in the past 12 months; p-values are obtained from Mann-Whitney *U* Test. CRP=C-reactive protein; IPV=intimate partner violence; IQR=interquartile range

[^8]: \*\*\*p\<0.0001.

[^9]: *Notes:* Model 1 is adjusted for child's age and sex; Model 2 is additionally adjusted for child's BMI z-score and breastfeeding status; Model 3 is additionally adjusted for highest maternal education (no education, primary incomplete, primary complete, and secondary or more), household size (number of residents, quartiles), location (urban vs. rural), family wealth (quintiles), maternal marital status (current vs. divorced/separated/widowed), and maternal illiteracy (i.e., unable to read various sentences in Swahili).

[^10]: CRP=C-reactive protein; IPV=intimate partner violence; BMI=body mass index

[^11]: p\< 0.01.

[^12]: p\< 0.05.

[^13]: p\< 0.10.
